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Abstract

A transcript cotresponding to the gene gbn-1 has Been found in Dictyostelium mucorvides
during vegetative growth and macrocyst development. The nucleotide and amino acid
sequence is known, and the amino acid sequence was fd@d to be 65% similar and 50%
identical to a hemoglobin protein found in the bacterium Vitreoscilla.

The purpose of this study was to further characté.::i.ze the gbn-1 gene activated dur_ing
development of macrocysts. The tranéc::ipt was found in Dicg:a.rteliuw cells during the
vegetative stage and during macrocyst development. Quéﬁdtadve results, using 185 rRNA
as an internal control, on the macrocyst samples showed that the transcript was produced in
higher quantities in vegetative and eatly macrocyst cells. Later developing cells still
produced the ttanscdi)t, but in lower amounts. Whether cells were grown submegged und_ér
liquid medium or on the surface of a solid medium, thé vegetatlve cells at 48 hours and 56
hours both produced the transcript. Vegetative amoebae from the axenic strain Dictyostelium
discoidenm AX-2 did not produce the gb#-1 transcript. The nut:;ient source, Escherichia cofi, did
not contribute to the presence of the ghn-1 transcript.

Developing cells exposed to osmotic or metabolic stresses by sorbitol or antimycin A
showed that the gh#-1 transcript was not induced by exposure to these agents. The cells

exposed to a different metabolic stress, 2,4-dinitrophenol, did however induce the gbn-1

transcript.
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Introduction

One important aspect of the research done on gene regulation is how such
regulation affects developmental processes within the cell. The primary control of gene
regulation and the expression of those genes is done at the transcriptional level (Latchman,
1996). After transcription of the gene, translation occurs in order to make a protein within
the cell (Figure 1). “The different amounts and types of pfc_)teins found within particular cells
helps to determine the action and specific properties of tha.t cell

Because regulation of gene expression is so important to the overall action of the
cell, this process is highly regulated. The first step in gene regulation is the signal to initiate
ot inhibit transcription of specific regions of the genome. This step allows the cell to
regulate the amounts of mRNAs within the cell (Lodish, 1995). Transctiption is regulated by
the interaction of transcription factors with certain cis-acting regulatory elements found on
the DNA. These cis-acting regulatory regions can be positive, mmaung mote transcription,
or negative, which would reduce the transcription of that gene. Certain factors that are
found within the cell, transcription factors (TF), aid in the binéing of RNA polymerase II to
the strand to be transcribed. These factors also aid the polymerase in remaining on the
DNA until a full transcript is made.

Once the transcript is made, the 5’ end has a 7-methyl-guanylate cap added, and the
3’ end has a poly-A tail added. These measures protect the new RNA transcript from
nuclease digestion. RINA splicing then occurs, removing the introns, or non-coding regions
of the new RNA strand. Now, the RNA can be transported into the cytoplasm where

translation will occur to make protein under the direction of the new RNA.



Figure 1.
Levels at which gene exptession can bé controlled in eukaryotes (Rué.s‘ell, 1996).
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Simple eukaryotes can be used in molecular research to discover more about the
regulation of development of higher organisms. A cellular slime mold, Dictyostelium
mucoroides, is such an organism. Dictyostelium was discovered in 1869 by the German Oskar
Brefeld, and since then it has been gaining in popularity among scientists for the study of
eukaryotic development and gene expression (Loomis, 1982). Many organisms, such as
Dictyostelium, go through morphological changes that are dependent on certain environmental
or developmental stimuli. These changes can appear in the size and shape of the organism
as well as in the internal regulatory mechanisms.

Using Dictyostelium as a model system seems appropriate since the cell speciah'zatiop
seen during multicellular stages of the life cycles of Dictyostelium occuts in previously identical
cells. This paradigm is similar to developmental patterns seen in higher o;gaﬁisms including
humans. Such patterns include cell migration, aggregation, differentiation, and signal
transduction. In order for this differentiation to occut, the expression of certain genesis
necessary. Because Dictyostelinm has a relativel); small genome, 50 kilobases (Loomis, 1982)
and a simple developmental cycle (Figure 2), this otganism offets the opportunity to do
molecular research, such as studying gene expression, that would be difficult or i;npossible
to perform on higher organisms.

Another advantage in the study of Dictyostelium is that these organisms are very
responsive to laboratory manipulations. 1)Cells can be made to develop synchronously.
2)The developmental cycle is complete in about 12 to 24 hours (Hanson et al. 1987). 3)The
amoebae are haploid and 4) DNA and RNA isolation is relatively easy.

Dictyostelium is a social amoeba that has two distinctly separate developmental stages.

The amoebae normally feed on bacteria found living in the upper layer of soil and beneath.



Figure 2.

Life cycle of Dictyostelium mucoroides.






rotting leaves on the forest floor. The cells divide by binary fission (Bonner, 1982;
Waterfall, 1983). Normally, the amoebae stay in this vegetative stage, but upon low nuttient
availability, the amoebae aggregate to initiate multicellular development. The aggregation of
the organisms is a chemotactic response to pulses of cyclic adenosine monophoéphate, or
cAMP, that the beginning aggregate of cells secrete (Konijn, et al., 1967). Surrounding cells
begin to move toward the source of cAMP and they also begin to sectete more cAMP to
attract more and more cells (Shaffer, 1962, 1975; Roos, et al., 1975; Firtel, 1991.). The
developmental pathway of the aggregate depends on environmental factors and conditions
(Frazier, 1976; Weinkauff and Filosa, 1965; Nickerson and Raper, 1973; Hanson andFWeb-er,
1987).

The asexual cycle occurs when the amoebae are placed in conditions of high light,
low humidity, low calcium, and high phosphate conditions (Nickerson and Raper, 1973a).
The asexual cycle involves the aggregation of amoebae to form a pseudéplasmodium
(Bonner, 1952). The pseudoplasmodial mass is surrounded by a thiil.slime sheath. Once the
pseudoplasmodium is formed and its migration ceases, amoebae in the anterior fourth of the
pseudoplasmodium form the stalk and the amoebae in the postérior 3/4 pottion will
become spores. The prespore mass rises on the stalk resulting in formation of a sorocarp
(Bonner 1982). After dispersal and upon germination, each spore gives rise to a single
haploid amoeba (Cotter and Raper, 1966).

The sexual cycle begins similarly Wlth an aggregation of vegetative amoebae. This
mass becomes enclosed by a thin primary wall, and its formation 1s favored by
environmental conditions which include: low light, low phosphate levels, high humidity, and

temperatures above 20°C (Nickerson and Raper, 1973). Instead of forming a



pseudoplasmodium, as in the asexual cycle, two of the aggregating amoebae fuse as do their
nuclei (Erdos, 1972; Raper, 1984). Then the aggregating amoebae at the periphery secrete a
thin primary wall (Blaskovicks and Raper, 1957; O’Day, 1979; Raper, 1984). At the center of
the aggregate is now a giant, diploid cell formed by the previous fusion and it begins to
phagocytize other surrounding amoebae. A thick secondary wall (Filosa and Dengler, 1972),
and later a tertiary wall are then synthesized (Blaskovicks and Rapér, 1957; O’Day and Lewis,
1981). Before germination, the dip’ioid nucleus of the giant cell goes through a single
meiotic and many mitotic divisions_ (Exdos etal, 1972; MacInnes and Francis, 1974). The
macrocyst matures as a tesistant s@cMe and after a period of dormancy can germinate and
release hundreds of haploid amoebae into the environment ( Etdos, et al., 1973; Nickerson
and Raper, 1973).

Many genes have been identified in Dzctyostelium that contribute to sorocarp
formatidn, such as the prestalk and i)respore genes (Loomis, 1996; Firtel, 1991), but-little has
been accomplished in identifying genes involved in macrocyst formation. Since much of the
research has found that many sorocarp genes are regulated at the transcriptional level, genes
are likely to be regulated transcriptionally for the macrocysts as well (Williams, et al, 1979,
1980: Blumberg and Lodish, 1981; Chung, et al., 1981; Landfear, et al., 1982; Singleton, et
al, 1987, 1988).

The differentiation of amoebae into specialized forms is regulated by gene
expression (Sussman and Sussman, 1969; Loomis, 1975). Many of these genes are regulated
at the level of transcription, so the promater regions for these genes are very important
(Loomis, 1982). Most Dictyostelinum promoter regions are very A-T rich and contain a TATA

box with an oligo-dT region before the start site (Kimmel and Firtel, 1983).- * - - :



One important compound for Dictyostelinm gene exptession is cyclic adenosine
monophosphate (cAMP). cAMP is a molecule that can cause the reptession of some genes
when found in high amounts (Rossier, etal, 1983; Mann, etal, 1988) and induction of other
genes (Town and Gross, 1978; Mendy and Firtel, 1985; Shaap and vanDriel, 1985; Mann and
Firtel, 1987). Negative (Vauti, 1990) and positive promoter elements have also been found
to be under the control of cAMP. Positive control elements include C + A rich elements
(CAE’s) (Haberstroh and Firtel, 1990; Widdowson, 1990; Haberstroh, etal, 1991; Ram etal,
1991; Esh, etal, 1992; Agarwal, 1994; Powell-Coffman and Firtel, 1994; Vodte and
Blumberg, 1994; Hopper, etal, 1995), G rich elements (G boxes) (Batklis, ctal, 1985; Palovic,
etal, 1988; Pears and ‘;Villiams, 1988; Hjorth, etal, 1989; May, etal, 1989; Hjorth, etal, 1990;
Widdowson, 1990; Fai:;, etal, 1992; Agarwal, 1994; Vodre anci-Blumberg, 1994),“—and" cAMP
response elements (May, etal, 1991; Desbarats, etal, 1992). Genes induced by cAMP are A
expressed in both prestalk and prespore‘cells in sorocarp .development. However, the role
of cAMP on macrocyst gene expression has not been determined.

Other genes in Dictyostelium have also been found to have regulatory elements
necessary for selected gene expression. Some examples include genes expressed during
starvation conditions (Vauti, etal, 1990; Schatzle, e@, 1993), and heat shock (Cohen, etal,
1984). Specific regulatory elements have also been identified for vegetative specific genes
(Singleton, etal, 1989, 1990; Maniak and Nellen, 1990; McPherson and Singleton, 1993) and
constituitively expressed genes (Driscoll, etal, 1988; Rizzuto, etal, 1993).

The purpose of this study is to further charactetize a gene, gbn-1, activated during the
development of macrocysts. The gene was otiginally cloned by A.T. Weber as a cDNA

prepared from amoebae six hours into macrocyst development. Using the cDNA clone for-
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probe construction in northern blot analysis, the gene transcript for gh#-1 was identified to
be potentially developmentally regulated. Curiously, vegetative amoebae grown to stationary
phase in liquid medium also produced the gbn-1 transcript (Latson, 1991). The nucleotide
sequence of the gene was determined and comparison with entries in GenBank suggested its
similarity to a globin gene found in the bacterium Vitreoscilla (Figure 3) (Brewer, 1995). The
predicted protein from ghzn-1 shows a 65% similarity and 50% identity to the Vitreoscilla
globin (Brewer, 1995).

The Vitreoscilla hemoglobin (VtHDb) serves a hemoglobin-like function under oxygen
limited growth conditions (Dikshit etal, 1992: Kaileo etal, 1994). VtHb is synthesized in
large quantitites when Vz#reoscilla is grown under conditions of low oxygen (Wakabayashi
etal, 1986). Transcription from this promoter is influenced by oxygen concentration.
(Khosla and Bailey, 1989; Dikshit etal, 1990). D. mucorvides ptimer extension data suggests
that hypoxic conditions during development are not sufficient to induce ttariscn'ptibn of gbn-
1 in D. mucoroides (Kosinski, 1996).

It seems likely that amoebae in the center of the aggregate for macrocyst formation
will soon find themselves in hypoxic conditions due to respiratory metabolism by all the
amoebae in the aggregated mass. Hence the synthesis of a molecule capable of acting as an
oxygen sink might be an appropriate part of macrocyst development. Whether transcription
of this gene is regulated solely by a developmental program, by oxygen stress, general stress
conditions, ot some combination of these factors needs to be clarified.

Recent research has been done on Dictyostelium aggregation in submerged culture in
regard to oxygen concentration. Increased oxygen in submerged culture experiments was

found to increase the proportion of antetior tissue in aggregates (Sternfeld, 1988). Because
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Figure 3.
Amino acid homology of the Vitreoscilia hemoglobin (VtHDb) aligned with the gbn-7 translated

cDNA.
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high levels of oxygen are not found in nature, it was suggested that the morphogenetic effect
of oxygen is mediated by metabolism. It was further suggested that the rate of
metabolism could alter the normal balance of regulating morphogens (Sternfeld, 1981).

A specific example of how oxygen metabolism might play a role in cell proportion
regulation is via the morphogen differentiation inducing factor (DIF). DIF stimulates the
production of prestalk and stalk cells (Town and Stanford, 1979; Kopachik, etal, 1983;
Williams, etal, 1987). DIF also seems to be localized in the posterior of the slug (Brookmian,
1987). With an increase in cellular metabolism of oxygen, this could stimulate the
production of DIF to increase the proportion of prestalk cells (Sternfeld, 1988). So along
with ::AMP, oxygen has been found to effect tissue propdrtioning.

Another example of Dictyostelium response to oxygen involves cytochrome oxidase,
ot Cox, subunits. Two subunits in particular, VIIe and VIIs, contain a 100 base pair
intergenic region that contains a cis-active regulatory element. In low oxygen, transcription
of the hypoxic gene can be activated while txanscriptidn of the normoxic gene is silenced
(Bisson, 1997).

The putpose of this project was to 1)Confirm the results of M. Kosinski by using a
ribonuclease protection assay along with an internal standard for confirmation of equal
loading of the RNA samples. 2)Look for the presence of the ghn-1 transcript in vegetative
amoebae actively growing in suspension and on the surface of a solid medium. This will
clarify whether a) ghn-1 transcripts are present in actively growing amoebae and not just

stationary phase amoebae and b) whether growth in submerged culture is sufficient to
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induce gbz-1. 3)Eliminate the possibility of contaminating Escherichia coli contributing ghn-1
transcripts. 4) Examine the possibility that other forms of stress induce gbn-1. For example,

stress on oxidative metabolism or even osmotic stress.



Materials and Methods

Organism and Cultural Conditions

Dictyostelinm mucorides strain Dm-7 was utilized in this investigation. Escherichia coli B/t
was used as a nutrient source for the strain. Stock cultures were maintained on 0.2% lactose-
peptone agar plates [0.2% lactose, 0.2% peptone, 1.5% agar, 1 L distilled water (dH20)].
Vegetative growth utilized a liquid broth of glucose, yeast extract, and peptone (GYP) (2g
peptone, 1g glucose, 0.5g yeast extract, 0.84g KH2POy, 0.54g Na,HPOys, 1 L dH20). Flasks
containing 40 mL of GYP wete inoculated with 0.2 mL of 5 x 105 spores/mL already
containing a turbid suspension of E. w/ B/t (Weber and Raper, 1971). Flasks were
incubated at 23°C for 56 hours in a gyrotory shaking water bath. Amoebae were harvested
after 56 hours of growth, or at a concentration of 1 to 6 x 106 cells/ mL Cells were
harvested in the GSA rotor of the Sorvall RC5B for 15 minutes at 4°C at 500 x g. Amoebae
were washed three times in Bonner’s Salt Solution (BSS) (0.60g NaCl, 0.75g KCI, 0.30g
CaClp, 1 L dH20) to wash out the remaining E.A co/i B/t (Bonner and Frascella, 1953); After
each wash, the amoebae were centrifuged as described above.

Macrocyst and sorocarp development were then initiated. Cells were placed in small
petri dishes (48 x 8.5 mm) containing an absotbent pad soaked in 1.5 ml BSS with
streptomycin (0.5 mg/mL) and a filter (Gelman Supor-450, 0.45 uM) was placed on the pad.
The filter was inoculated with 0.9 mL of the amoebae suspension (3.5 x 108 amoebae/mL) in

a circle. A second filter was added after the inoculation and an additional 1.5 mI. BSS
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with streptomycin was added (Hanson and Weber, 1987). Each plate was wrapped in
aluminum foil and incubated at 23 C for 4, 8, 12, and 16-22 hours.

Sorocarp development was initiated as above except the buffer used was 0.025 M
phosphate buffer and 0.5 mg/mL of streptomycin. A second filter was not added to the
plates (Hanson and Weber, 1987). The plates were incubgted with 20% or 5% oxygen at 23°
C and harvested at 4, 8, and 12 houts. |

Cells used for sorocarp formation under anoxic c_bhditions were placed into a vented
vacuum desiccator. A vacuum was drawn and gas containing 5.03% O2 in N2 was used to
fill 2 2000 cc rubber bladder. The gas in the bladder was equlibrated with the atmosphere in
the desiccator three times so that the plates inside were under low oxygen of about 5% O».
Control plate wete treated the same except the bladder was filled with air.

The cells were harvested from the filters by placing 10 mL of sterile, ice water in a 50
mL conical tube. The filters were lifted from the petri dish and placed in the tube. The
tubes were vortexed briefly to dislodge the amoebae from the filters. The filters wete
removed, and the conical tubes were centrifuged for 5 minutes at 800 x g (2000 rpm). The
supernatant was removed and the cell pellet was resuspended in 1 ml sterile ice water.

For use in the ribonuclease protection assay, the cells must be lysed. A 0.1 mL
sample from the resuspended pellet, estimated to contain 1 to 3 x 107 cells, was placed in a
microfuge tube containing 0.5 mL lysis solution from the Ambion Direct Protect
Ribonuclease Protection Assay kit. The sample was pipetted up and down to mix and -

centrifuged at 12,000 rpm at 3°C for 15 minutes. The supématant was collected and stored

in the -20°C freezer until hybridization to the probe.
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Assay for Effectiveness of Wash Procedures

To test the relative amount of E. /i B/r remaining after the three washing
procedures, cells were grown as previously described. Pour plates werehmade containing 10
RL, 100 pL, and 250 pL of resuspended amoebae sample. Nutrient agar was poured onto
the plates and the plates were incubated overnight at 37°C. At 37°C, Dictyostelium amoebae

are killed while E. o/ survives. The colonies of E. w/ B /t were counted.

Liquid/Solid Methods

Presence of the ghn-1 transcript in amoebae grown submerged in liquid and on the
surface of solid growth medium was also tested. Liquid growth methods were described
above. Surface cultures were prepared by inoculating 0.2% Léctose-Pethne Agar plates
with 200 pL of spote suspension ;:ontaining E wkiB/t. A glass ﬁockey stick was used to
spread the suspension on the plate. The plates were incubated at 23°C for 56 houts.

Two milliliters of BSS was placed on each plate to suspend the amoebae s;amples.
This procedure was repeated until low amounts of amoebae remained on the plate. The

samples were centrifuged and collected as described earlier.

Plasmid Isolation
Frozen samples of the host E. co/i DH5-a. containing the pSPORT1 vector with the
gbn-1 insert are stored in the -80°C freezer. The ghn-1 clone was isolated using the alkaline

lysis prep method contained in Promega Protocols and Applications Guide, 2nd edition. E.
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coli with the ghn-1 plasmid was streaked onto Luria—Bertahﬁ (LB) =plates (10g tryptone, 5g
yeast extract, 5g NaCl, 15g agar, 1L dH20 with ampicillin (50 ug/mL) and incubated
overnight at 37°C. A single colony was picked and inoculated into 125 mL Luria-Bertani
broth with ampicillin. The flask was incubated overnight at 37°C with shaking. Cells were
harvested by centrifugation in the GSA Sorvall rotor at 5000 x g (7000 tpm) for 15 minutes
at 4°C. The peﬂet was resuspended in 3 ml of ice-cold, freshly prepared lysis buffer (25mM
Tris-HCI, pH 8.0, 10mM EDTA, 50mM glucose). The :r‘esuspended cells were incubated in
an ice water bath for 10 minutes. After incubation, 6 mL of freshly prepared 0.1M NaOH
and 1% sodium dodecyl sulfate (SDS) were added. The ‘s'uspension was mixed by inversion
and incubated another 10 minutes in an ice water bath. Next, 3.75 mL 3M sodium acetate,
pH 4.6, was added and mixed by inversion. Another 20 minute ice water bath incubation
followed. The sample was then centrifuged at 12,000 x g (11,000 rpm) for 15 minutes in the
SS-34 Sorvall rotor. The supernatant was transferred tc; 9:nother tube and the pellet
discarded.

DNase-free RNase was added to a final concentration of 20pg/mL. The suspension
was incubated at 37°C for 20 minutes. Two TE-saturated phenol/chloroform extractions
were done by adding an equal amount to the sample. The sample was vortexed for one
minute and centrifuged at 12,000 x g (11,000 tpm) for 5 minutes. The upper aqueous phase
was transfetred to a new tube and an equal volume of chloroform:isoamyl alcohol (24:1) was
added, vortexed for 1 minute, and centrifuged for 5 minutes at 12,000 x g (11,000 tpm). The
uppet, aqueous phase was transferred to a new tube and twoA x.roluxmes of 100% ethanol was

added and incubated at -20°C for 30 minutes. The sample was centrifuged at 12,000 x g
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(11,000 tpm) for 20 minutes. The supernatant was removed and the pellet was washed in 5

mlL. 70% ethanol and centrifuged at 12,000 x g (11,000 rpm) for 5 minutes. The pellet was

air dried and resuspended in 400uL. ddH2O.

Linearization of gbn-1 plasmid

Plasmid DNA was digeétéd with a restriction endonuclease to generate a template of
desired length for production of ;a. specific anti-sense transcript for use in the Ribonuclease
Protection Assay. Pvull was the enzyme chosen (Figure 4). An # vitro transcription reaction
with Pvull cut template results m a transcript 651 nt long. The linearization reaction
contained 20 pL ghr-1 DNA (1 pg), 8 pL Pyu II Restriction enlc.lonuclease (10 u/pL), 5 UL
React 6 buffer (Gibco), and 17 pL distilled deionized Waters (ddH20), for a total reaction
mix of 50 pL. The reaction mix was incubated at 37°C for 2 hours. After i»ncqbatiqg,(a half
volume (25 pL) Proteinase K ( 100 pg/mL) was added and incubated for 1 hour at 50°C.

The cut plasmid was then purified using phenol extractions and ethanol
precipitation. An equal volume of Tris-saturated phenol:chlordform was added, vortexed,
and centrifuged at 12,000 x g for 2 minutes. The DNA was precipitated by adding twice the
volume 100% ethanol and 1/10 voiume RNase-free ammonium acetate. The sample was
centrifuged at 3°C for 15 minutes. The supernatant was removed and respun for 2 minutes
in the cold. The pellet was Washed with 70% dicthylpyrocarbongte (DEPC)-Ethanol and

allowed to dry. The pellet was resuspended in 50 pl DEPC water.
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Figure 4.

A. pSPORT1 Vector containing the ghn-1 cDNA with Pvu II sites marked and gb#-1 insert
shaded.

B. Linear map Qf pSPORT1::gbn-1 showing expected res_uiction fragments from a Pvu II

digest. Number beneath each fragment indicate size in nucleotides.



21

Pva ILT7I8

pSPORTl::ghn-1
5390 bps

Pvu I1,1324
4000

transcript:483 bp

™ ANNNNNNNNNN 1845888 HERS
93 457 606 651 3516




22

The cut plasmid was examined on a 1% agarose gel for the completeness of

digestion. The gel was run at 100 volts for 60 minutes.

Transcription Reaction for Probe Synthesis

A transcription reaction using a>’P-UTP was run using the Ambion Maxiscript In
Vitro Transcription Kit. The 20 pL transcription teaction containing 4 uL. dH20, 2 uL. 10X
Transcription buffer, 1 pL 10 mM ATP, 1 L 10 mM CTP, 1uL 10 mM GTP, 2 pL -
Linearized ghn-1 template DNA, 2 pL. 60 mM UTP, 5 pL. a—32P-UTP (400-800 Ci/mmole)
[10 mCi/mL in aqueous solution] 5 uM final, and 2 pL. SP6 RNA polymerase (5 U/uL +
RNase inhibitor 5 U/uL) was run at room temperature for 1 hour 30 minutes in order to
generate a transcrpt.

After incubation, 1 pL DNase (2 U/pL) was addgd to the reaction and incubated for
15 minutes at 37°C. A sample of the transcription reaction was then counted in the
scintillation counter using 5 mL scintillation solution, Ulﬁma Gold LSC-Cocktail, and 1 pL
of sample. This gave data on how much to dilute our probe before the hybridization.

Separate probes were made for the gb#z-1 template and an 18S ribosomal RNA
fragment as a control for the experiment. Only 1 puL 18S nbosomal RNA template was
used. The ghn-1 probe generated was 483 bases long, whereas the 18S probe will protect 80
bases within the 18S ribosomal RNA.

A hybridization reaction with the probes was run overnight at 37°C followed by the
ribonuclease protection assay the next day. Each hybridization contained 10 pL isolated

sample, 20 pL Lysis solution from Direct Protect Ribonuclease Protection Assay k1_t, 10 pL.
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gbn-1 probe, and 10 pL 18S ribosomal RNA probe. These reaction volumes were used for

all samples other than the liquid/solid isolated samples where samples of 30 puL were used.

Control reaction for gbn-1 transcript
A positive control reaction for the sense/anti-sense homology was also performed.

A second endonuclease digestion with Bam HI was carried out on the gh#-1 DNA. The
linearization reaction contained 20 pL gbz-1 DNA (1 pg), 8 L. Bam HI Restriction

endonuclease (10 u/pl), 5 pL. IOX :React 3 buffer (Gibco), and 17 pL. ddH>O.
The transcription reaction for the Bam HI cut DNA to produce a sense strand of
mRNA was run for 1 hour 30 minutes at room temperature. These reactions consisted of 9
pL dH20, 2 pI. 10X Transcription buffer, 1 pI. 10 mM ATP, 1 pL. 10 mM CTP, 1 pL. 10
mM GTP, 2 pL Lineatized gbn-1 template DNA, 2 puL. 60 uM UTP, and 2 pL. T7 RNA
Polymerase (5 U/pL + RNase inhibitor 5 U/uL). The Bam HI transcript was hybridized
overnight to the Pvu II cut gh#-1 transcript to test for the correct sense/anti-sense transcript

production.

Ribonuclease Protection Assay

The ribonuclease protection assay procedure was modified from the Ambion Direct
Protect kit and was run according to the following protocol. First, 10 uI. RNase T1 or
RNase cocktail, 50 plL digestion buffer, and 440 pL dde(j was z{dded to each tube. The
samples wete vortexed and incubated at 37°C for 30 minutes. Then, 20 uL 10% Sodium

Sarcosyl and 10 pL Proteinase K (20 mg/mL) was added and tubes wete incubated at 37°C
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°

for 30 minutes. 500 pL Isopropanol was added next and tubes placed at -20°C for 15
minutes. Tubes were microfuged E'or 15 minutes at 12,000g and the pellet was saved. 10 pL
gel loading buffer was added to each tube and heated to 90°C for 3 minutes. The samples
were loaded and run on the gel at 250 volts for 1 hour 30 minutes

The gel was an urea containing 5% acrylamide gel (9.6g urea, 4 mL 5X TBE, 3.3 mL
acrylamide (30% 19:1(acrylamide:bis-acrylamide)), 5 mL. ddH20, 160 pL. 10% ammonium
persulfate, 21.3 uL. TEMED). The gels were placed in an autoradiography cassette with an
intensifying screen Withk autoradiogram 8 x 10 Fuji Medical x-ray film. The gels were placed
in the -80°C freezer for 3-5 days depending on the activity of the o>?P-UTP, as monitored

by using a geiger counter, and the autoradiogram was developed.

Osmotic and Metabolic Stress

Different forms of stress were applied to the vegétative amoebae to test for their
ability to induce gbn-1 ttanscripition. Cells were grown according to protocols outlined in the
Organism and Cultural Conditions section. Plating protocols were identical to those given
for soroc;.rp production, with the addition of stress factors. Three stress inducers were
added. These were sorbitol for osmotic stress and, 2,4-dinitrophenol, and antimycin A for
oxidative stress. A concentration of 10% was prepared as a stock solution for each (Geller
and Brenner, 1978). Volumes of 100 pL, 500 pL, and 1000 pL of sorbitol and 2,4-

dinitrophenol were added to the filter before the amoebae were added. For antimycin A,

100pL and 500pL were used. The petri plates were incubated for one hour under aerobic
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conditions identical to those used for sorocarp formation. The harvest procedures followed _
after the incubation were exactly as before.

Because antimycin A does not dissolve in water, 95% ethanol was used. Cells were
also incubated with 500 pL 95% ethanol as a control, and the samples were collected as

before.

Dictyostelium discoideum AX-2

Dictyostelium discoidenm AX-2 strain was also used because it is an organism that is
easier to work with for genetic manipulation. If this strain possesses the gbn-1 transcript, and
therefore the gene, it can be usga for laboratbry expeﬁments to further study the gene, for
example, in gene knockout experiments.

HLS5 liquid media was used ([a]14.0g glucose, [b] 7.0g yeast extract, 14.0g peptone,
[c] 0.95g NaoHPO4 - 7TH20, 0.5g KH>POy4, 1L Hzo; pH = 6.5). The three liquids are
autoclaved separately (a,b and c), and added together. Since the choice of peptone is critical,
two types were selected. Thiotone (BBL) and proteose peptone (Difco) were both used.

Media was inoculated and cells grown for 48 hou;s and washed according to
previous procedures. Cells were stored in cell lysis solution for use in the ribonuclease

protection assay.
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Results

Escherichia coli did not produce detectable gbn-1 transcript

Three different experiments demonstrated the absence of the gh#-1 transcript in E.
coli. Thus all gbn-1 transcript detected could be attributed to Dictyostelium. First, samples of
E. coli were collected in the same way the macrocyst and sorocarp samples were collected.
These samples were then run through a hybridization exPeriment and the ﬁbonucleasc
protection assay. The E. o/ samples collected were found not to produce the transcript.

Secondly, sorocarp samples that were collected the same way as the macrocyst
samples did not contain detectable transcript.

Thirdly, plates of nuttient agar after an overnight incubation at 37°C were examined
and counted for colonies of E. ¢o/7 to test how effective the wash procedures were during
hatvesting, Plates included samples of 10 piL, 100 pL and 250 pL. of inoculum per plate.
Three plates were done for the 10 and 100 UL samples, and two wete done for the ZSQ L
sample because of low sample availability. Less than 10 colonies per plate were found on
every 10 pL. and 100 pL sample plate, and 18 and 64 colonies were found on the 250 pL.
sample plates. These very low numbers showed that E. ¢/ was not contributing transcripts

detectable by the ribonuclease protection assay.

Plasmid Analysis
The pSPORT1 plasmid containing the ghn-1 cDNA was isolated to generate probes

for the hybridization reaction of transcripts. Isolation of the vector was done according to
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the alkaline lysis method. bnce isolated, t‘he plasmid was digested with the restriction
enzyme Pvull in order to generate a template DNA of the correct size for use in in vitro .
transcription reactions to generate a probe for the ribonuclease protection assay. The
pSPORT1 vector is 4.1 kb while the gbn-1 insert is 1.3 kb. There are 3 Pvull sites on the
pSPORT!1 vector and 2 in the insert (Figure 5). Four different bands were visible after the
restriction digest including the expected sizes of 3516 nucleotides (nt), 651 nt, 606 nt, and
457 nt (Figure 5). A fifth band of 93 nt is also expected, but not visible on the gel.

The fragment that is 651 nt contains the promotor region and a portion of the

gbn-1 insert used as a template for transcription.

Transcript Analysis of Macrocysts and Sorocarps

An initial set of experiments was run £o determine the optimal sample lysate volume
to use in the ribonuclease protecu'.on} aséa);. Fi'gu-rei6 simws the different sample volumes
that were run in otdet to obtain data for the best sample volume to load. As mentioned
before, the ghn-1 restriction fragment was 651 nt, bgt only 483 nt would be protected by the
transcript hybridization. The 18S probe will bind to a specific 80 nt piece on every 18S

RNA sample. A sample volume of 10 uL was chosen for all future ribonuclease protection

assay experiments.
The ribonuclease protection assay was used to determine the presence of the ghn-1
transcript in selected developing macrocyst and sorocarp samples. Figure 7 shows that only

the macrocyst samples have a band of the expected size for the ghz-1 transcript. No
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Figure 5.
pSPORT1:gb#-1 plasmid digested with Pvu Il. Fragments were separated on a 1% agarose

gel and stained with ethidium bromide. Lane 1 containé Hind III cut A DNA asa size

marker. Lane 2 contains the plasmid digest.
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Figure 6.
An autoradiogram showing representative results from a 5% acrylamide gel run to determine
the optimal sample lysate volume to be used in further nbonuclease protection assays.

Volume given above lanes indicates quantity of lysate from an 8 hour macrocyst sample used

in this assay.
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Figure 7.

An autoradiogram showing representative results from a 5% acrylamide gel run after the
ribonuclease protection assay to determine the effect of oxygen concentration and the
developmental pathway on the presence of the ghn-1 transcript. Lane markings indicate the
following : 0 = vegetative cells, 4S+ = 4 hour sorocarp cells in 20% oxygen, 4S- = 4 hout
sorocarp cells in 5% oxygen, 4M = 4 hour macrocyst cells in 20% oxygen, 85+ = 8 hout
sorocarp cells in 20% oxygen, 8S- = 8 hour sorocarp cells in 5% oxygen, 8M = 8 hour
macrocyst cells in 20% oxygen, 125+ = 12 hour sorocarp cells in 20% oxygen, 12S- = 12
hour sorocarp cells in 5% oxygen, 12M = 12 hour macrocyst cells in 20% oxygen, and

22M = 22 hour macrocyst cells in 20% oxygen.
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sorocarp samples have the transcript because they do not have a detectable band in their
lanes. The vegetative, or zero time sample, daes however show'the transcript. Figure 8

shows the results from a second representative experiment with macrocyst samples. Again

showing that macrocysts in all stages of development contain the gbz-1 transcript.

Transcript Analysis for Liquid/Solid Growth Conditions

To determine whether growth conditions on a solid surface or in subrnergéd culture
affected the presence of the ghn-1 transcript, a ribonuclease protection assay was run on
appropriate samples. Figure 9 shows the results for the liquid and solid growth methods.
Results show that both the submerged culture samples from cells and samples grown in solid

medium do possess the ghz-1 transcript.

Transcript Analysis after Osmotic and Metabolic Stress

To determine if the transcript could be induced in cells under the conditions for
sorocarp development, cells were exposed to selected types of stress and samples were run
in the ribonuclease protection assay. The transcript was not induced in the samples
containing sotbitol for osmotic stress and antimycin A for oxygen stress. Figure 10 shows

that samples put under 2,4-dinitrophenol do contain the gb#-1 transcript.

Positive Control using Bam HI cut gbn-1
A transcript of the ghn-1 DNA was made using T7 polymerase in order to generate a

sense strand as a positive control for hybridization to the probe produced from
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Figure 8.

An autoradiogram showing representative results from a 5% acrylamide gel after the
ribonuclease protection assay run to show the change in ghn-1 transcript in macrocyst
samples over time. Lower band represents the 18S tRNA internal control. Hours into

development are shown above each lane.
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Figure 9.

An autoradiogram showing representative results from a 5% acrylamide gel run after the
ribonuclease protection assay run to show the effect of different growth conditions either
submerged or sutface. Lane markings indicate the following : L48 = submerged culture
collected 48 hours into development, S48 = surface culture collected 48 hours into
development, .56 = submerged culture collected 56 houts into development, and

§$56 = surface culture collected 56 hours into development.
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Figure 10.
An autoradiogram showing representative results from a 5% acrylamide gel after the

ribonuclease protection assay was run to show the effect of the metabolic inhibitor 2,4-
dinitrophenol. Samples were taken after one hour of exposure to 2,4-dinitrophenol. Lane
markings indicate the volume in microliters of 10% 2,4-dinitrophenol added to the filter for

the one hour period.
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transcription of the Pvu II cut gbn-1. Figure 11 shows the non-radioactive transcript
synthesized from the Bam HI cut DNA template. The transcript generated was then
hybridized to a radioactively labelled gb#-1 anti-sense probe produced by 77 vitro transcription
after the DNA template was cut with Pvu II. The band that was generated from that
hybridization is shown in figure 12 and its position on the gel was identical to gbn-1

protected transcripts from lysate samples.

Dictyostelium discoideum AX-2 strain results

An attempt was made to identify a transcript in Dictyostelium discoidenm AX-2
corresponding to ghn-1. D. discoidenrn AX-2 was chosen because it is an organism that is
easier to manipulate genetically than is D. mucorvides. A ribonuclease protection assay was

carried out on D. discoidenm AX-2 vegetative amoebae and no gbz-1 transcript was found.

Densitometry Analysis for Macrocyst Samples

The molecular analyst software from Biorad was used in an attempt to quantitate the
gbn-1 and 18S probe protected bands in figure 8. The autoradiogram was scanned into the
computer system, and the bands of interest in were put in boxes of equal area. This ensured
that the software was reading the same area for all of the samples so data was equalized.

Figure 13 shows the ghz-1 and 18S bands that were boxed.
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Figure 11.

RNA produced by 7 vt transcription from a Bam HI cut gb#-1 insert after a cold

transcription reaction before hybridization. Transcript is shown in a 1% agarose gel stained

with ethidium bromide. Hind III cut A was used as a size marker.






Figure 12.

An autoradiogram showing results of 2 ribonuclease protection assay on samples of ## vitro
produced sense transcripts and macrocyst lysate. Lane 1 shows a 8 hour macrocyst lysate

with gbn-1 and 18S bands marked. Lane 2 shows the hybridized sense and anti-sense sample.
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Table 1 shows the resulting data. The 18S band was used as a measure of equal
loading for all of the samples, so the gh#-1 band intensity could be adjusted accordingly. The
_188 bands were normalized with the 22 hour sample since 1t showed tﬁe highest reading. All
of the ghn-1 bands were then corrected according to 18S from the corresponding lane.

Results showed that the gh#-1 transcript is present in higher quantities eatlier in
development. Vegetative cells and cells 4 hours into macrocyst development have the
highest amount of transcript. The amount of transcript present is about equal for the rest of
development. The 22 hour sample was excluded since there was a high amount of run-off

or smearing in the lane (tefer to Figures 8 and 14).
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Figure 13.
Area indicators for data analyzed on Molecular Analyst softwate from Biorad. Results used

are those previously shown in figure 8.
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Table 1.

Density results for macrocyst samples shown in figure 13 using the Molecular Analyst

- software from Biorad. Cortected values fot gbn-1 are normalized to corrected 18S value

from the same lane.



gbn-1

Sample

12

22

18S

Sample

12

22

Area mm?
108.8
108.8
108.8
108.8

108.8

Area mm?
227.040
227.040
227.040
227.040

227.040

Volume OD x mm?
30.578

17.454

2.542

7.335

15.580

Volume. 6D x mm?
1.352
1.111
2.326
7.356

10.572

50

Corrected value

39.798

26.915

10.788

10.551

Corrected value

10.572

10.572

10.572

10.572

10.572
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Discussion

The cDNA library of D. mucorvides Dm-7 was constructed by Dr. A T. Weber using
macrocyst transcripts eight hours into development. This cDNA library was then screened
by Marilyn Larson using Northern blot analysis. Sh¢ found a cDNA gene, ghn-1, expressed
in vegetative amoebae and macrocyst RNA, but not sorocarps. Kevin Brewer obtained the
nucleotide sequence of gon-1. With the amino acid sequence, the GenBank data base was
searched, and bacterial hemoglobin found in Vi#reoscilla was found to have the highest degree
of homology to the gbn-1 sequence.

The predicted protein of the ghn-1 gene of D. mucoroides is lik;aly‘ to have a similar
function to the Vitreoscilla hemoglobin. The Vitreoscilla hemoglobin functions under oxygen-
limited growth conditions. It is synthesized in large quantities when the cells are placed in
low oxygen conditions (Wakabavashi, et al, 1986). The promoter was found to be regulated
at the transcriptional level (Khoslz:t andb BaJley, 1 989;”Dikshit, et al, 1990). Dzctyostelinm
amoebae grown in the laboratory are grown with E. /i as a nutrient source in a submerged
culture. In submerged culture, both the amoebae and bactetia will be respiring, so the
oxygen concentration is low. Macrocyst cells are formed by submerging the cells underneath
filters in a buffered solution. Conversely, sorocarps are formed on the surface of the filter,
so they are in aerobic conditions. The g&#-1 gene could, therefore, be regulated
developmentally or metabolically by the availability of oxygen.

Cells developing as sorocarps under both aerobic and anoxic conditions did not
produce detectable amounts of the ghr-1 transcript (Figure 6). Consequently, anoxic
conditions alone were not sufficient to induce transcription of ghzn-1. Both vegetative cells

and mactocyst cells have been found to produce the transcript (Figures 6 and 7). Both of
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these types of cells are grown in conditions of low oxygen since they are both submerged.
However, the results obtained from anoxically developing sorocarps shows that the gbs-1
transcript is likely developmentally regulated in the macrocyst pathway, not solely
metabolically regulated.

These results confirm previous expetiments done by Mary Kosinski. Her results
were gathered by ptimer extension assays. Because no internal control was run,
confirmation of these results including such controls was necessary. The ribonuclease
protection assay was chosen for further experiments because it is a sensitive procedure for
the detection of target RNA. The cells are resuspended in concentrated guanidine
thiocyanate (GuSCN). This solution rapidly solubilizes cells and tissues and inactivates
ribonucleases (Thompson and Gillespie, 1987). This system is therefore a good way of
obtaining efficient results for these experiments.

With the transcript found in vegetative and macrocyét forming cells, the influence of
the nutrent source, E. co/, needed to be examined to ensure that it did not contribute to the
presence or absence of the transcript. Because D. mucorvides cells cannot survive at the 37°C
incubation temperature for E. co/, only bacterial colonies would form on plates under this
condition. Very low colony numbers were counted on the plates inoculated with washed
amoebae samples indicating too few bacteria to produce detectable transcript. Further
evidence was that an E. co/ sample that was collected and processed along with macrocyst
and sorocatp samples did not contain the transcript when assayed by the ribonuclease
protection assay. In addition, no transcript was found in developing sorocarp cells, even

though sample preparation was the same as for macrocysts.
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The growth of vegetative cells at 48 hours and 56 hours right before differentiation
was also examined under both submerged culture and surface culture conditions. Both of
the submerged culture samples were found to possess the transcript which was expected
since they are grown in low oxygen conditions. However, the surface culture samples have
been shown to possess the ghn-1 transcript. This indicates that the go#-1 gene is found in
vegetative cells and macrocyst celis despite the growth method. Only cells developing as
sorocatps do not produce the transcript.

A quantitative analysis was also performed on the macrocyst samples using the
Molecular Analyst software from Biorad (Figures 8 and 13, Table 1). Results showed that
the ghn-1 transcript is present in higher ar;lounts during vegetative growth and early
macrocyst development. Later in macrocyst development, the transcript is still present, but
not in as large of quantities.

To show that the transcript could .l;e. Vinc.lvuced with any type of s&ess, even if it did
not involve oxygen, different types of stress were selected. Osmotic stress was induced by
using sotbitol. The transcript was not found in sotbitol stressed cells. The general response
mechanism of osmo-induced cells is an increase in cGMP (guanosine 3',5'-monophosphate).
The cGMP then mediates phosphorylation of three threonine residues on the myosin tail of
D. discoideums cells. The final result is a re-localization of myosin that is required to resist
osmotic-stress (Kuwayama,-1996). With this mechanism in osmotic stressed cells, it was not
surprising the ghn-1 transcript was not induced.

One form of stress on the eléctIon transport chain is 2,4-dinitrophenol. The

uncharged, or protonated form, of 2,4-dinitrophenol can pass freely through the lipid bilayer
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of cells (Alberts, 1989). Respiration proceeds within the cell until all of the oxygen is
reduced (Moran, 1994). The gbz-1 transcript has been found to be induced in cells placed
under 2,4-dinitrophenol stress (Figure 10). Even though the cells avere placed in a 20%
oxygen environment the cells detect a depletion of oxygen (Figure 14). Therefore, cells
begin to produce the gbn-1 gene product in order to get more oxygen into the cells for
survival. So even though the cells are in sorocarp conditions, the gene is still available to be
turned on.

Similatly, antimycin A is an inhibitor which blocks electron transfer in the b-c
complex of the electron transport chain in mitochondria. This type of inhibitor has been
found to decrease electron flow (Pietrobon, 1981). Since the electron transport chain uses
oxygen to oxidize NADH to synthesize ATP (Voet and Voet, 1995), inhibiting electron flow
does not primarily involve oxygen. Therefore, the ghn-1 transcript was not induced in the
Dictyostelinum cells. The cells still have other means of producing ATP as well as other
electrons available, so the cells would not need to enhance oxygen concentrations in the
célls.

Future research on the gbn-1 gene in D. mucorvides could include isolating the protein
produced and finding the tertiary and quarternary structures of the protein. It would also be
interesting to find how the protein functions in the cell, if it is membrane bound, or found
within the cytosol as a general transporter. Other experiments could also include gene
kriockout expetiments to see how vegetative and macrocyst cells function, and if they are

able to survive, without the gene.
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Figure 14.

Theoretical changes in oxygen concentration vs. Time after stress of 2,4-dinitrophenol

(Moran, 1994). Arrow indicates the addition of the 2,4-dinitrophenol.



Oxygen concentration

2.4-Dinitrophenol
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In summary, it has been shown that the gb#-1 gene is developmentally regulated in
macrocyst cells. The gh#-1 gene transcript has also been found in vegetative amoebae. Itis
hypothesized that the ghn-1 gene product acts as an oxygen sink to keep levels of oxygen in

cells at a sufficient level to continue with development.
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